H I G H L I G H T S
• SOC after agricultural land abandonment was affected by Soil Region and Bioclimate.
• IPCC factors were calculated for Soil Region * Bioclimate interaction.
• C stored in abandoned soil would offset of 6% of the agriculture Sicilian emissions.
• Agro Environmental measures must be site specific to improve payments efficiency.
G R A P H I C A L A B S T R A C T a b s t r a c t a r t i c l e i n f o

Introduction
Worldwide land use changes are altering the fate of landscapes, and land abandonment is one of the processes responsible for these changes (Arnáez et al., 2015; García-Ruiz and Lana-Renault, 2011; Parras-Alcántara et al., 2013) . Land abandonment has occurred mainly in developed countries as a consequence of the intensification of agriculture and the reduction of the agriculture land necessary to feed the population (Alonso-Sarría et al., 2016; Kou et al., 2016) . This is mainly found in Europe, where numerous research studies have been published (Hatna and Bakker, 2011; MacDonald et al., 2000) . This abandonment is most extensive and studied in the European Mediterranean belt (Plieninger et al., 2014; Romero-Díaz et al., 2016; Sheffer, 2012) , and most of the research focuses on the mountainous regions that were abandoned as a consequence of the low income and loss of population (Lasanta et al., 2015a) . The abandonment of land not only results in changes to the soil system, but also in the hydrological cycle and fauna and flora resources (Dixon-Coppage et al., 2005; de Araújo et al., 2015; Keesstra et al., 2016) .
Agricultural land abandonment was the most important change in Mediterranean ecosystems over the last centuries and probably no other change in land use has been more important since the expansion of agriculture from the eastern to the western Mediterranean ten millennia ago (Petanidou et al., 2008; Rühl et al., 2005) . Abandonment of agricultural land leads to several consequences for ecosystem functions and ecosystem service benefits (Cammeraat et al., 2010; Lasanta et al., 2015a; Parras-Alcántara et al., 2016; Rey Benayas et al., 2007) . On the other hand, abandonment may be a significant and low cost strategy for C sequestration and mitigation of anthropogenic CO 2 emissions (Post and Kwon, 2000) . Abandonment in Mediterranean ecosystems results in the recovery of vegetation (Lasanta et al., 2015b; Molinillo et al., 1997; Nadal-Romero et al., 2016) , changes in water and sediment discharges (Keesstra, 2007; López-Vicente et al., 2016) , soil erosion reduction (García-Ruiz and Lana-Renault, 2011) , and increased biodiversity in the initial stages of plant succession (Suárez-Seoane et al., 2002; Zaravali et al., 2007) .
Depletion of soil C occurs within the first few decades of agricultural practices (Fernández-Romero et al., 2014; Murty et al., 2002) , but several years are necessary for soil C recovery after agriculture abandonment (Alberti et al., 2008; Rühl et al., 2015) . Agricultural soils are a source of CO 2 emission around the world, and this is accompanied by mismanagement that results in high erosion rates, soil aggregate loss, low infiltration rates, and changes in the soil biota (Bruun et al., 2015; Choudhury et al., 2016; de Moraes Sá et al., 2015; de Oliveira et al., 2015; Frossard et al., 2016; Gelaw et al., 2015; Leifeld and Mayer, 2015) . The impact of CO 2 on global warming has resulted in a growing interest in reducing emissions and increasing sequestration, and soil can be a good sequestration option under appropriate management (Carr et al., 2015; Ferreira et al., 2016; Hu et al., 2015; Hombegowda et al., 2016; Poeplau et al., 2016) .
Rates of change in soil C following agricultural land abandonment have been estimated through chronosequence studies, comparing soil C in sites with long term agricultural land abandonment (SOC steady state) with adjacent agricultural fields (DeGryze et al., 2004; Del Galdo et al., 2003; La Mantia et al., 2013; McLauchlan, 2006; Novara et al., 2014 Novara et al., , 2013 Rühl et al., 2015; Saiano et al., 2013) . The chronosequence approach is frequently used to evaluate plant succession after disturbance, comparing sites that differ only in time since agricultural abandonment Rühl et al., 2005) . The climatological gradient approach is also applied in soil science, hydrology and geomorphology (Campos et al., 2014; Cerdà, 1998a; Lozano-García et al., 2016; Parras-Alcántara et al., 2015) .
The potential and the rate of C sequestration due to agricultural land abandonment varies widely (Post and Kwon, 2000) , depending on soil and climate characteristics of sites that result in differences in vegetation succession, ranging from the development of prairie to forests (Alberti et al., 2011; La Mantia et al., 2013; Rühl et al., 2015; Van Eerd et al., 2014) . Soil C accumulation is strongly dependent on management strategies and therefore land use decisions can change the fate of SOC stocks (Novara et al., 2012; Teshome et al., 2014) . Over the last few decades, substantial areas of the European Union, particularly the southern regions, have been affected by agricultural land abandonment (Renwick et al., 2013) due to the loss of productivity and/or to obtain payment for environmental purposes. In particular, the abandonment process was supported by the introduction, since the late 1980s, of agricultural policy measures designed to reduce crop production in a period of structural surpluses. According to these regulations, member states were obliged to implement a national program including a list of measures included in article 2, among which was the introduction of agricultural land abandonment for at least 20 years. Farmers who withdrew agricultural land from production received a subsidy over those twenty years to compensate them for the income loss. Very few empirical studies have assessed the impact of abandonment on the environmental side (Hodge et al., 2006) , most of the research has focused on the socioeconomic approach and on the farmer and stakeholder's perceptions (Pereira et al., 2016) . The rationale used to promote abandonment was strongly based in environmental ideas to promote afforestation, reduce soil losses, and restore degraded soils (Cerdà, 1997) . In this context, exploring the relationships between the implementation of agricultural land abandonment measures and their environmental benefits helps in assessing the efficiency of this political instrument. There are substantial limitations in knowledge of the effect of agricultural land abandonment on soil C sequestration and a long-term study is required to determine the pattern and rate of C sequestration across a full chronosequence after agricultural land abandonment.
According to a large chronosequence survey and the available bibliographic data, the aim of this study was: (i) to evaluate the effect of different Soil Regions and Bioclimates on soil C dynamics after agricultural land abandonment; and, (ii) to study the efficiency of the Agro Environmental Measures (AEM) in the Sicilian Region in relation to potential SOC stock.
Materials and methods
Study sites
In order to quantify the effects of agricultural land abandonment on SOC a dataset composed of original data sampled at different sites in Sicily (24 sites) and existing data collected from the literature (12 sites) was analysed. SOC dynamics in secondary succession areas (Alberti et al., 2011; La Mantia et al., 2013; Rühl et al., 2015) is strongly influenced by soil and climate, consequently the dataset was subdivided into: i) three bioclimatic groups (1. thermo-Mediterranean, 2. mesoMediterranean, 3. supra-Mediterranean), representing the most typical bioclimatic belts occurring in Sicily; and, ii) four different Soil Regions (SR), named 1, 2, 3 and 4 (Fig. 1) . The Soil Regions are areas characterized by a typical climate and parent material association (Costantini et al., 2004 (Costantini et al., , 2013 .
The classification proposed by Rivas-Martínez (Rivas-Martinez, 1994 ; Rivas-Martínez and Loidi Arregui, 1999) was used to designate the bioclimatic groups. The system of Rivas-Martinez is a hierarchical climate classification that subdivides the climate according to homogeneous climatic regions (Mediterranean for example) and thermotype indices. The thermotype index (tI) was calculated as follows:
where T is the yearly average temperature, m is the average minimum temperature of the coldest month(s) of the year, and M is the average maximum temperature of the coldest month(s) of the year.
Soil sampling data
Soil samples were collected at sites where different stages of secondary succession were present. Within all bioclimatic belts, we defined the following land use classes as successional stages: i) Ag = cultivated areas; and, ii) Ab = grasslands dominated by perennial grasses. The selected abandoned stages had reached C steady state equilibrium, because in these stages of the secondary succession the phytosociological relief showed equilibrium of the community. The supra-Mediterranean bioclimatic group was not present in SRs 3 and 4 ( Fig. 1) . Soil was sampled according to the protocol of the Italian National Inventory of Forests and Forest Carbon pools (Gasparini et al., 2008) . After litter removal, mineral soil samples were collected at 0-30 cm depth using a 680-cm 3 cylinder. For each site and successional stage, three replicates were collected. The soil samples were passed through a 2 mm sieve, air dried, then analysed for C content using a CHNElemental Analyzer. SOC content was expressed as a percentage (g of C per 100 g of dry soil × 100) and converted to Mg per hectare using bulk density (BD) and soil depth (Blake and Hartge, 1986 ).
Literature data selection
Existing data from the SOC literature for Sicilian sites was screened for successional stage, bioclimatic group, and Soil Region. Data were taken during previous research carried out by Rühl et al. (2015) . All data were indicated to the 30 cm depth. In some cases, BD was not measured, but was calculated (BD calc ) according to Post and Kwon (2000) .
IPCC methods
The IPCC (Intergovernmental Panel on Climate Change) (2006) method has been used to evaluate SOC stock changes, consequent to the adoption of different agricultural land uses and management, in support of national GHGs inventories according to the UN Framework Convention on Climate Change. The adopted method evaluates SOC stock changes for the top 30 cm of a mineral soil profile over the first 20 years following changes in land use and land use management (VandenBygaart et al., 2004) . For the present study, changes between cultivated croplands and uncultivated land, such as grasslands, have been analysed. SOC inventory calculations were carried out for aggregated soil regions of Sicily.
Soil C stock change (ΔSOC) was calculated as follows:
where SOC t-20 and SOC t are the soil carbon stock at the start and after 20 years of the inventory period (Mg C ha −1 ), respectively, and A is the area (ha) (IPCC, 2006) . SOC t − 20 corresponds to reaching C steady state during the stage of succession, as confirmed by phytosociological relief. SOC (Mg C) was estimated using the equation:
where SOCref is the reference SOC stock (Mg C ha
), Mg is the management factor (dimensionless), Fi is the stock change factor for the input of organic matter (dimensionless), LUC is the land use change factor (dimensionless), and LA is the land area (ha) (IPCC, 2006). In the original IPCC method, the SOCref is based on values from undisturbed native ecosystems. This approach was modified, according to Ogle and Breidt (2003) , to use conventionally managed cropland as the reference (SOCref) instead of native conditions. In fact, SOC stock measurements are more reliable in soils under cultivated than natural conditions and agriculture management must be considered the reference SOC (SOCref). Therefore, in this study SOC under a long-term agriculture system (SOCag) corresponds to SOC under native condition (SOCref).
Data calculation
For each Soil Region (i), the IPCC factor (IPCCf) was calculated as follows:
And for each Bioclimate (j), the IPCC factor (IPCCf) was calculated as follows
where SOCab is the SOC content in the abandonment stage and SOCag is the SOC content in the agricultural cultivation stage. In the specific case of the abandonment processes, IPCCf was mainly affected by the LUC factor, considering the Mg and Fi factors equal to 1.
Then:
and Bioclimate effect (j) over Soil Region (i) was calculated:
After normal distribution of IPCCf i and IPCCf j, calculated on experimental data, the IPPCf in a specific Bioclimate of a Soil Region (IPCCf ij ) was calculated using Eq. (8)
where xIPCCfj is the IPCCf calculated for each bioclimate over a given Soil Region.
Uncertainty analysis and assumptions
Uncertainties were estimated using a Monte Carlo approach according to the IPCC method (IPCC, 2006) (Fig. 2) . The probability density functions (PDFs) were determined by the standard error estimation. In this study, we simulated 10,000 estimates of soil C stock changes using the IPCC model and then summed the outputs of each run to produce an empirical distribution of 10,000 SOC changes for each Soil Region (i) and Bioclimate (j). From these results, we estimated a 95% confidence interval for the change rate of SOC as the descriptor of uncertainty.
PDFs were truncated at 0 Mg C ha −1 and 150 Mg C ha −1 respectively. A sensitivity analysis was also performed to highlight contribution of the input to the variance output. This analysis was carried out using SPSS software (IBM, 2010).
Estimate of effectiveness of Premia scheme
The withdrawal of agricultural land for environmental purposes was an agro-environmental measure supported under the Rural Development Plan (RDP) of Sicily with the aim of safeguarding semi-natural areas and agricultural habitats favourable to wildlife and wild flora. The axe 2 of the RDP includes the agricultural measure 214 "Agrienvironment payments" in order to ensure sustainable agricultural land use through the adoption of appropriate agricultural management practices. This measure also includes two actions, the F4A action (withdrawal of arable land for environmental purposes) and the F measure of In this work, the effectiveness of premiums was assessed through data acquisition on environmental benefits and by employing a budget following the land abandonment measure. According to Galati et al. (2016) , the effectiveness of premiums (E P ) indicates that the amount of SOC sequestered per Euro per hectare (Mg C € −1 ha −1
) could be calculated as follows:
where, ΔSOC ij, is the SOC sequestered in the first stage of succession after agricultural land abandonment for each Bioclimate (j) in a specific Soil Region (i), and is calculated as follows:
Taking into consideration that the Ep changes with respect to the type of bioclimatic belt, the total budget of the land abandonment measure was redistributed at the regional level in relation to ecosystem service (carbon sequestration) as follows:
where RE P , which represents the payment efficiency at the regional level, is given by,
where ΔSOC R is the total SOC sequestered over all Soil Regions and the total budget is the budget provided by the regional government for this specific measure.
Results and discussion
SOC stock and SOC after abandonment in each Soil Region and Bioclimate
SOCag stocks were computed for each Soil Region and Bioclimate type using a survey and bibliographic data for a 30 cm soil depth. SOCag values ranged from 27.9 Mg ha − 1 in SR3 to 47.3 Mg ha −1 in SR1 (Table 1 , Fig. 3 ). SOCag was strongly affected by the type of Bioclimate, increasing from 16.7 Mg ha −1 in the thermoMediterranean to 54.5 Mg ha −1 in the supra-Mediterranean Bioclimate.
The impact of climate on soil development, runoff generation, soil erosion, and plant cover is well-known (Anaya-Romero et al., 2015; Buendia et al., 2016; Cerdà, 1998b; Ochoa et al., 2016) , but little is known about its impact on soil organic carbon, and this is why the results shown here shed light into the environmental impact of land abandonment. Our findings confirm the results of other investigations that are summarised in Köchy et al. (2015a Köchy et al. ( , 2015b and quantified by Pabst et al. (2016) in Africa or by Willaarts et al. (2016) in the Mediterranean. SOCab increased in comparison to SOCag for all Soil Regions. The effect of abandonment on SOC change was higher in thermo-than in meso-and supra-Mediterranean bioclimates (Table 1, Fig. 4 ). Land abandonment favours the recovery of vegetation cover and the reestablishment of soil processes that contribute to restoration of soil properties (Cerdà et al., 2014) . This leads to reduction of soil erosion, increased infiltration rates, soil biological activity, and biomass and enhanced plant diversity. The acceleration of the biological and hydrological cycles after land abandonment results in recovery of soil carbon stocks as found by other studies when land was abandoned (Brevik and Lazari, 2014) , forests were transformed into crops (Wasak and Drewnik, 2015) , or when degraded rangelands were restored (Zucca et al., 2016) . There is a positive interaction in the soil system after abandonment that favours the recovery of the biota (fauna and flora) followed by litter and organic matter, which finally improves soil quality and as a consequence the diversity and mass of the biota (Certini et al., 2015; Chen et al., 2016; Frouz, 2016) .
Among climate factors, precipitation is most frequently considered as one of the principal factors affecting SOC changes after land use change (Alberti et al., 2011; Guo and Gifford, 2002) . Precipitation impacts the net primary production (NPP) and consequently the inputs of organic matter to the soil. Similar to our findings, Gabarrón-Galeote (2015) found a strong correlation between Bioclimate and SOC change after abandonment; their results showed an increase at the wettest site (precipitation N 650 mm), while there was no SOC gain at the driest sites (precipitation b 450 mm). Climate has also been found to exert control on soil organic carbon stocks and rainfall level is the key factor controlling organic carbon accumulation and shows similar results to the geomorphological response found under different climates (Cerdà, 1998a) .
IPCC factors
Results showed that land use change from cultivated croplands (ag) to grasslands (ab) increased SOC stocks in the top 30 cm of the soil by a factor of 1.23 (average of all paired sites); this represented a 23% increase in overall SOC stock. The positive use of grasslands to restore degraded land and recover soil organic matter stocks has also been found in other regions, and the grasslands are very efficient even under grazing pressure (Lu et al., 2015; Orgill et al., 2016) . The four Soil Regions were characterized by different IPCC factors (IPCCf i ) related to agricultural abandonment that ranged from 1.12 to 1.44 in SR1 and SR4, respectively (Table 1 ). The thermo-Mediterranean climate showed the highest values while the supra-Mediterranean Bioclimate showed the lowest values of IPPCf j . Higher C stocks have been recorded in moist and cool temperate regions than in dry and warm temperate regions (Alberti et al., 2011) . The IPCC factors for each type of Bioclimate and each Soil Region are shown in Table 2 . As expected, the new IPCCf ij , calculated according to Eq. (8), showed on average values for both Soil Regions and Bioclimates very close to IPCCf i and IPCCf j .
Regional SOC sequestration and sensitivity analysis
After neglecting cropland soils, the SOC sequestered (ΔSOC) in Sicilian soils increased on average of 9.03 Mg C ha − 1 , ranging from 5.4 Mg C ha − 1 to 26.7 Mg C ha −1 depending on Soil Region and Bioclimate (Table 3) . Considering the 14,337 ha of abandoned lands, the CO 2 emissions as a whole were reduced by 887,745 Mg CO 2 (Table 3) . The highest rate of increase in SOC occurred in SR4, followed by SR3, due to the combination of a high sequestration rate and area distribution. Among bioclimates, the thermo-Mediterranean Bioclimate sequestered the highest amount of CO 2 (759,504.7 Mg CO 2 ) due to the highest rate of SOC sequestration and area distribution (9509 ha) (Table 3) . About 70% of the abandoned area was in the thermo-Mediterranean Bioclimate, whereas 21% and 9% fell within the meso-and supra-Mediterranean Bioclimates, respectively (Table 3) .
Sensitivity analysis indicated that uncertainty in the thermobioclimate contributed almost 6% of the variability in the output as compared to about 10 and 13% contributions from the meso-and suprabioclimates (Fig. 5) . According to our findings, it is clear that more effort is needed in order to minimize the uncertainty of the input coefficients. This could be obtained by increasing the surveys in Sicily and by improving our sampling methods.
The SR4 showed about 44% of variance contribution to the total soil C change due to abandonment processes on the island even in the absence of supra areas, while SR2, including all Bioclimate typology, contributed only 24%. The other Soil Regions (3 and 1) were only involved in 10% of soil C change. ) under agricultural (ag) and abandoned (ab) land use for the three Bioclimates. ) under agricultural (ag) and abandoned (ab) land use for the Soil Regions.
Effectiveness of payments for land abandonment measure
The impact of subsidies from the European Union on Mediterranean agriculture are relevant to understand changes in agricultural management (Shelef et al., 2016) , but there are also environmental impacts such as changes in the hydrologic cycle and alterations in soil organic matter and biota that need more research (Bisantino et al., 2015; de Araújo et al., 2015) . The effectiveness of the premiums, calculated as the rate between the overall value of payments obtained by the farmers over twenty years (Eq. (9)) and the SOC sequestered in the same period, showed that the value of C sequestered changed in relation to the Bioclimate in each specific Soil Region (Fig. 6, blue line) . Due to the wide variability of potential C sequestration in the four Soil Regions and Bioclimates, the value of C sequestered (€ C Mg −1 ) ranged from 590.61 € C Mg −1 for the farm located in the thermo bioclimate of SR4, to 3032.54 € C Mg −1 in the meso bioclimate in SR2. The different values observed show that the adoption of an egalitarian fairness criterion, (equal distribution of payments (red dotted line, Fig. 6 ) among all providers independent of the level of ecosystem service provision, leads to an unfair distribution of premiums. Therefore, in order to ensure an equitable distribution of the premiums in relation to the ecosystem service provided, the total budget of the set-aside measure was redistributed taking into account the changes of EP in the different bioclimatic areas. According to this criterion the value of C sequestered is constant and in our case study is equal to 1746.31 € C Mg −1 ha −1 (Fig. 6 , blue dotted line) and the amount of total budget for twenty years of the set-aside measure ranged from 9080.82 € for the land user who produced low C sequestration levels (5.2 Mg C ha − 1 ) to 46,626.54 € for the land user who produced high C sequestration levels (26.7 Mg C ha −1 ) (Fig. 6 , red line).
New approaches might be investigated aimed at achieving a better payment efficiency and differentiating payment levels, following procedures for the provisioning of environmental services or/and introducing an ecosystem service payment. In this case study, premia calculations usually considered variable costs or income forgone resulting from agri-environmental program agreement.
Payment levels based on regional averages result in simplicity and low administrative costs, but create infra-marginal producer rents. However, the effectiveness of agro-environmental measures is site specific and the consideration of several factors should be taken into account: i) agro-environmental scheme introductions must be site specific to ensure the highest response to local conditions; ii) agroenvironmental payments can create good results together with less favoured area (LFA) payments with particular attention to combating land abandonment and marginalisation; iii) because the effect of the agro-environmental measures is heterogeneous, variable and complex, their evaluation requires a long-term study approach.
Implications for management
The quantification of the potential for and rates of C sequestration across Sicilian climatic regions aids in predicting the sequestered C stock in abandoned agricultural land at a larger scale. Overall, although there are numerous uncertainties, the knowledge of the influences of land-use change on SOC could contribute to future modelling work, which will require both a mechanistic understanding of C cycling as well as data for calibration. The adoption of agro-environmental measures promoted by the European Commission and transposed by the Sicilian Region was very effective for soil C sequestration and the perspective seems to be interesting regarding implications for Kyoto Protocol reporting.
Total emissions of GHGs from the agricultural sector in Sicily in 2000 were about 0.7 * 10 9 kg CO 2 eq (Beccali et al., 2007) . The CO 2 stored in abandoned cropland (44,387 Mg CO 2 year −1 ; Table 3 ) as determined in this analysis represents an offset of about 6% of the annual emissions attributed to agriculture in Sicily. Some aspects, however, assume great importance for planners: i) what measures could be taken when the abandonment period lasts longer than planned and the succession continues to maquis, and potentially turn into woods; ii) how to consider the effects of secondary succession on biodiversity; iii) how to handle any rehabilitation of agriculture; and iv) how the abandonment will affect the forest fire regime and if this will reduce or increase soil organic matter content. Regarding secondary succession impacts on biodiversity, the abandoned agricultural land will advance to forms of arboreal vegetation, maximizing the benefits related to C storage. This would suggest that the community should take the responsibility to reward those farmers for decades of abandonment or encourage alternative approaches of exploitation, such as through the sale of C credits certified by the public body that carries out the surveys. Closely connected with this aspect is the management of biodiversity, in fact, in the Mediterranean rare or endangered species are linked to open spaces, including agricultural or natural grasslands . For this reason, the maintenance of the prairie stage would allow maximization of benefits in terms of biodiversity but also in the proportion of C in the soil. To assess how to manage a possible rehabilitation of agriculture to avoid losing soil C, accurate experimental data or partial data on this aspect are necessary. More research is also needed into the role forest fires will play in the C cycle and vegetation recovery (Hedo et al., 2015; Shaw et al., 2016) .
Abandoned agricultural fields represent a valid opportunity to mitigate agricultural sector emissions in Sicily. Further studies should be carried out to promote agro-ecological systems. Considering the findings of this study, payments should be diversified based on sitespecific characteristics. Moreover, the estimated potential SOC sequestration, through the use of specific IPCCf ij , could aid the prediction of the true value of the ecosystem services furnished by abandoned agricultural lands as suggested by agro-environmental measures and additionally to estimate the PES more accurately. To quantify the effects of agricultural land abandonment on SOC and to evaluate the efficiency of payments delivered by the abandonment measure, a dataset created by combining original data sampled in various Sicilian sites and literature data was analysed. For its size and great pedoclimatic variability, Sicily can be considered quite representative of most of the Mediterranean countries. Sicily is an island with a unique environmental history, and can be used as a laboratory to quantify the impact of land abandonment on carbon dynamics and the methodology and the findings can be exported to other regions (Galati et al., 2016; Smith et al., 2015) .
Conclusions
The abandonment of agricultural land in the Mediterranean belt contributes to increased soil C stocks. This was found under different bioclimatic and Soil Regions and allowed us to evaluate the efficiency of the agro environmental measures undertaken in Sicily. Our calculations show that the abandonment of cropland soils increased SOC stock an average of 9.03 Mg C ha . This dataset permitted us to determine the payments for the C sequestration ecosystem service after agricultural land abandonment. In Sicily, and due to the land abandonment, the CO 2 emissions were reduced by 887,745 Mg CO 2 , and this demonstrated that abandonment is a key strategy to mitigate greenhouse gas emissions and flight against climate change.
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